We have created the Functional Element SNPs Database (FESD) that categorizes functional elements in human genic regions and provides a set of single nucleotide polymorphisms (SNPs) located within each area. In the FESD, the human genic regions were divided into 10 different functional elements, such as promoter regions, CpG islands, 5 0 -untranslated regions (5 0 -UTRs), translation start sites, splice sites, coding exons, introns, translation stop sites, polyadenylation signals and 3 0 -UTRs, and subsequently, all the known SNPs were assigned to each functional element at their respective position. With the FESD web interface, users can select a set of SNPs in the specific functional elements and get their flanking sequences for genotyping experiments, which will help in finding mutations that contribute to the common and polygenic diseases. A web interface for the FESD is freely available at http://combio.kribb.re.kr/ ksnp/resd/.
INTRODUCTION
Single nucleotide polymorphisms (SNPs) coupled with highthroughput genotyping technologies have been chosen as the high-density genetic markers for unraveling complex genetic diseases (1) . Almost 9 million human SNPs have been deposited into the dbSNP database (2) and many researchers have tried to discover and validate new SNPs. As the number of SNPs deposited in the dbSNP database is increasing exponentially, many researchers who are interested in complex genetic diseases are focusing on candidate gene approach using genebased haplotypes, which are collections of SNPs located throughout the functional regions of candidate genes (3) . Since the number of haplotypes within candidate genes is much smaller than the theoretical number of all possible haplotypes, gene-based haplotypes will give us an effective data-reduction mechanism and enable us to uncover the association of haplotypes with many complex diseases.
A set of SNPs required for constructing haplotypes within the candidate genes can be retrieved from public databases, such as dbSNP, UCSC genome browser or Ensembl browser (2, 4) . However, since these public databases do not provide user-friendly interfaces for manipulating a set of SNPs, biologists who are not familiar with these public databases have had difficulties in searching a set of SNPs and retrieving their flanking sequences required for genotyping experiments.
There has been a similar program called SNPper, a webbased application designed to automate the tasks of retrieving and extracting SNPs from public databases (5). However, SNPper provides the combined information available only in public resources.
In this study, we have created a Functional Element SNPs Database (FESD) categorizing functional elements in human genic regions and providing their flanking sequences required for genotyping experiments. By using the FESD web interface, researchers can select a set of SNPs for gene-based haplotype study.
MATERIALS AND METHODS

Obtaining the human genome sequences and gene information
The reference sequences of human genome are obtained from the NCBI database and, subsequently, functional element sequences are extracted from those using sequence boundary information derived from the UCSC database.
There are 16 tracks within Genes and Gene Prediction Tracks in the UCSC database, such as Known Genes, RefSeq Genes, MGC Genes, Ensembl Genes, Genscan Genes and so on. The length and position of each gene track is slightly different. Among the gene tracks, the RefSeq Genes track is produced from the mRNA sequence data that are generated 0 -UTRs ( Figure 1 ).
Promoter regions
Human promoter sequences are difficult to identify and are poorly annotated in the public databases. We used the Match program, which is a weight matrix-based tool for searching putative transcription factor binding sites in the DNA sequences (7). Match program is closely interconnected and distributed together with the TRANSFAC database, which was developed more than a decade ago to model factor-site interaction (8) . The current version of Match program (TRANSFAC Professional 7.4.1) uses 695 matrices and 5401 transcription factors that were collected in the TRANS-FAC database, and therefore, provides the great possibility to search for a great deal of different transcription factor binding sites. Although the range of transcription factors may be huge, it is reported that most of the human promoters are located within 2 kb upstream of the transcription start site (7). Therefore, the length of input sequences for the Match program is restricted to 2 kb upstream of the transcription start site. To find transcription factor binding sites with the help of Match program, it is very important to choose appropriate options of the cut-off for core and matrix similarity. We used the minimizing the false positive (FP) errors option for cut-offs and chose the vertebrate option for group of matrices.
CpG islands
CpG islands are associated with genes and are typically common near transcription start sites in vertebrates. CpG islands in the UCSC database are predicted by searching the sequence and scoring each dinucleotide. We downloaded the complete tracks and filtered them out only if they were located within the 2000 bp upstream. Only 12 916 refSeq IDs out of 21 159 had CpG islands in their 2000 bp upstream region. 
Splice sites
We considered the first and the last 2 bp in introns as splice sites (9) . The positions of introns are obtained from refGene track in the UCSC database. When any SNPs are found within the splice sites, we place them in the database.
Polyadenylation signal sites
There are several software programs that have been developed to detect PASes in human DNA and mRNA sequences. In one of the early studies, Tabaska and Zhang (10) developed a program named Polyadq, which finds PASes using a pair of quadratic discriminant functions. Recently, Legendre and Gautheret (11) developed Erpin program, which uses 2 g position-specific nucleotide acid patterns to analyze 300 bases upstream and downstream region of a candidate PAS.
In this study, we have used the Erpin program to find PASes from 3 0 -UTR region of the gene. The Linux version of Erpin program was downloaded and installed at a local Linux PC. The training set file was also downloaded from the website and the query database that contains only 3 0 -UTR was subtracted from refGene track in the UCSC database. The recommended optimal parameters are as follows: 'erpin polya_signal.epn <input database> 11,7 -umask 11 -umask 11 4 5 6 7 -cut-off 70% 74% -fwd -unifstat'. The firstlevel search is for the hexameric PAS with a cut-off score of 70%, and the second-level search is for the 46 nt region immediately downstream of the PAS with a cut-off score of 74% (11) .
Assigning SNPs to each functional element
This analysis used 8 431 426 SNPs from the dbSNP database (build 120). The position of SNPs was obtained from the flat 
Flanking sequence search program: SNPflank
The SNPflank database consists of two types of data: complete genome sequence from the RefSeq genome contigs and the positional information of refSNPs from the dbSNP database (12) . Both data were completely downloaded from the NCBI ftp site, parsed with Perl scripts, and subsequently imported into a MySQL relational database.
RESULTS AND DISCUSSION
The distribution of SNPs in the genic-intergenic regions Table 1 shows the distribution of SNPs in the genic-intergenic regions of the human genome. The genic region contained 3 446 791 SNPs (40.8%), whereas the intergenic region contained 4 984 635 SNPs (59.2%). There are more SNPs in the intergenic region; however, the density of the intergenic region is slightly lower than the genic region. than the average density of genome whose density was 2.814. The density of SNPs in the 3 0 -UTR was slightly higher than that in the 5 0 -UTR regions. Among the functional elements, the density of start codon was the lowest at 1.119.
The density of SNPs in the functional elements is depicted in Figure 2 . Critical functional elements such as start codon, splice site and stop codon are likely to possess rare SNP density, whereas the density of other functional elements are similar to average density of the genome. Table 3 shows the density of SNPs along with the functional element categories separated by chromosome. According to Table 3 , the density of SNPs in chr7 is significantly higher than that in others and the density of SNPs in chr21 and chr22 is slightly higher than that in others. In contrast, the density of SNPs in chrX and chrY is slightly lower than that in others. These density differences may be attributable to differences in the input SNP/chromosome from the dbSNP database. For example, the NCBI is hosting two versions of chromosome 7.
DATABASE ACCESS
Searching for genes
The FESD website provides capabilities for searching for genes in several ways: (i) gene name, mRNA accession number and protein accession number; (ii) LocusLink ID and OMIM ID; (iii) chromosome position and band position; (iv) transcription factor name; and (v) disorder or clinical synopsis ( Figure 3A ).
Selecting sets of SNPs
Once a gene is searched and submitted to the FESD server, sets of SNPs can be chosen by two different ways ( Figure 3B ). First, by using the hyperlinks that present the number of SNPs located within that area, users can get the sets of SNPs ( Figure 3B ). Second, users can merge different sets of SNPs by simply clicking checkboxes in the graphic view. When multiple functional elements are selected, only distinct SNPs derived from overlapped elements will be displayed. At the same time, users will also be able to filter the selected sets of SNPs by certain thresholds such as SNP type (bi-allelic or indel), number of hits in genome, average heterozygosity and probability of real SNPs.
Getting flanking sequences of selected SNPs
FESD provide flanking sequences of selected SNPs for genotyping experiments. There are many options for getting flanking sequences such as length range, alternating case and reverse complement change ( Figure 3C ). Flanking sequences of multiple SNPs are provided with the FASTA format ( Figure 3D ). Details of FESD are given in the online help page.
FUTURE DIRECTIONS
FESD will be updated regularly to reflect the newly discovered SNPs in the dbSNP database and the change of track information in the UCSC database, and also to improve the methods used for categorizing the functional elements. We also plan to give users more options for choosing sets of SNPs and refining them with the help of validation information of SNPs.
